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cial component of the mammalian cell-
death pathway. "It is something that we
suspect will be activated in a variety ofdif-
ferent instances ofapoptosis," Tewari said.
Apoptosis is a sequential, programmed
series ofsteps by which cells destroy them-
selves. Some scientists suggest that inappro-
priate apoptosis may be responsible for
damage seen in autoimmune disorders,
immune deficiencies, Alzheimer's, Hunt-
ington's and Parkinson's diseases, cancers,
stroke, andheartattack.
The recent discovery was made using
mammalian systems. It underscores the sim-
ilarities between apoptosis in the nematode
worm, Caenorhabditis elegant (which has
provided much ofour understanding about
apoptosis) and mammals. In the nematode,
apoptosis is controlled by sets of genes
including ced-3 and ced-9. Expression of
ced-3 is required for cell death to occur.
Expression of ced-9 blocks cell death. The
ced-9 gene is homologous to a set ofmam-
malian oncogenes.
Mammals also have a set ofgenes that
function like the nematode's ced-3 gene.
One such gene encodes an enzyme called
ICE, interleukin-1l converting enzyme.
ICE is implicated in some forms ofapopto-
sis but is not the trigger for all forms of
mammalian apoptosis. Scientists concluded
that a different, unidentified enzyme played
that role. Both Tewari's and Nicholson's
groups identified this enzyme as CPP32g, a
previously uncharacterized protein related
to ICE, which they named Yama/apopain.
As apoptosis begins, enzymes, induding one
called PARP [poly(ADP-ribose) poly-
merase], are cleaved into smaller fragments.
PARP maintains and repairs DNA. The
researchers used PARP cleavage to identify
Yama/apopain.
"I amsortofsurprised thatthisdiscovery
hasn't received more coverage in thescientif-
iclaypress. Itreallyis apivotalfinding," said
Tewari's co-author Vishva M. Dixit ofthe
University ofMichigan Medical School. "It
allows for the first time a toe in the door of
mammalian cell death. We can enlarge on
the knowledge and identify the other com-
ponents. I think the entire story, the essen-
tial components ofthe pathway, will proba-
blyfall inplace the nextcoupleofyears."
Gloria Preston, an apoptosis researcher
at the NIEHS, notes that this is an impor-
tant finding because proteolytic cleavage
does appear to play arole in apoptosis. "Ap-
parently, other proteases exist that have
some similarity to Yama/apopain, and
whether this particular protease is pivotal to
the process is not dear. At this time it is dif-
ficult to determine what cleavage events are
essential and what ones are merely part of
the degradation process."
Yama. University of Michigan researchers named
the new-found apoptosis enzyme after the Hindu
god ofdeath.
Yama/apopain does appear to be the key
protease in the apoptosis studied in the
mammalian osteosarcoma cells described by
Nicholson et al., according to Shai Shahan,
who studies apoptosis in nematodes at
MIT. But since Yama/apopain is part of a
family of proteases, it is possible there is
redundancy. More than one protease might
be responsible for triggering cell death in a
given cell. Also, one protease might be
responsible for activating cell death in a
given tissue and another protease of the
same class will activate it in yet another tis-
sue, Shahan said.
That would please pharmaceutical com-
panies. The question from a pharmaceutical
point ofview is whether or not there are
certain proteases that are present in only
certain cells. "I guess the ideal thing would
be if in a neurodegenerative disease there
were an ICE homologue or close relative
that caused cell death. Ifone could identify
aspecific inhibitor, wewould be able to pre-
vent cell death," said Douglas K. Miller,
senior investigator at the Merck Research
Laboratories in NewJersey, and a co-author
ofthe Cellpaper. In applying the finding to
cancer therapy, however, it would be neces-
sary to induce, not inhibit, apoptosis under
controlled conditions.
While Dixit and colleagues are now
concentrating on identifying the enzyme
that activates Yama, the Merck researchers
are concentrating on characterizing the five
other mammalian homologues of ICE.
They will then look at them to see ifthey
are associated atallwith disease, Millersaid.
Consequences of Climate
Change
Intense summer heat waves could kill thou-
sands more people each year in New York,
St. Louis, andother U.S. cities, epidemics of
infectious diseases could continue sweeping
into temperate climates from the tropics,
and numbers ofskin cancers will probably
rise in mid-latitude regions of North
America, Europe, and Australia, all during
the next century. These impacts of climate
change were predicted by experts at the
Conference on Human Health and Global
Climate Change, September 11-12, at the
National Academy of Sciences in
Washington, DC.
Until recently, scientists and policymak-
ers hadprimarilyfocused on howthe earth's
physical systems would be affected byglobal
warming, examining the potential for
increased sea level rises and bigger hurri-
canes. But the Intergovernmental Panel on
Climate Change, in a forthcoming update
of its 1990 study, will for the first time
include a chapter on the possible human
health effects of climate change. In turn,
Vice President Al Gore asked the Office of
Science and Technology Policy and the
Council on Environmental Quality to orga-
nize a conference on this theme. Co-spon-
sored by the National Science and
Technology Council and the Institute of
Medicine, the conference gathered a diverse
group of experts from academia, govern-
ment, and nongovernmental organizations.
Conference participants discussed how di-
mate change might damage human health,
then made recommendations for improving
global health surveillance systems, research,
education ofhealth professionals, and inter-
national cooperation.
In industrialized nations, the greatest
impacts ofclimate change probably will be
experienced through heat waves. Global
warming of 1-30C would probably
increase the frequency ofintensely hot days
in temperate regions, resulting in several
thousand extra deaths annually due to heat
stress in the United States, said Laurence S.
Kalkstein of the Center for Climatic
Research at the University of Delaware.
More than 500 Chicagoans died during a
July 1995 heat wave, a type ofdisaster that
could occur more often in the future.
"Living in heat-trapping brick tenements
with black-tar roofs, many poor, elderly, or
frail residents ofNew York, Chicago, and
other cities will be unable to adjust to a
warmingclimate," said Kalkstein.
Faced with hotter summers, those who
can afford air conditioning will use it more
frequently, resulting in more air pollution,
predicted Joel Schwartz, epidemiologist at
the Harvard University School of Public
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An uncertain future. Manufacturing and deforestation contribute to climate change effects such as glob-
al warming and spread of disease. (Ebola:FrederickA. Murphy, Aedes aegypti: Leonard Munstermann.)
Health. Fine particulates from power plants,
he noted, are clearly associated with hospital
emissions for respiratory disease and heart
disease. "Power plants are the biggest source
of air pollution concentrations along the
East Coast, and we think this pollution will
get worse.
Over the next 50 years, depletion of
stratospheric ozone is expected to lead to
greater numbers of skin cancers, especially
among fair-skinned people in temperate cli-
mates, where the ozone layer is thinner.
Although the ozone layer will reach its low-
est level around the year 2000, it will gradu-
ally thicken because ofinternational regula-
tions on the use ofchlorofluorocarbons and
other chlorine-containing chemicals. But
skin cancers usually do not appear until
decades after exposure. "Even under the
Montreal Protocol, the numbers of non-
melanoma skin cancers will be about 25%
higher in 2050 than in 1980 in mid-latitude
cities such as Vancouver, Paris, and Prague,"
said Margaret Kripke, an immunologist
with the M.D. Anderson Cancer Center in
Houston. "Melanoma will also increase, but
nobody knows byhow much."
A warming planet will continue to bring
more extreme and erratic weather, with
greater incidence of droughts, floods, and
hurricanes, which in turn will increase rates
ofdeath, injury, and infectious diseases due
to proliferations of pests, experts said. For
example, during each ofthe past five years,
El Nifio, an ocean warming system, has
spread very warm, wet spells around the
world. As a result, the mosquitoes that carry
malaria, yellow fever, and dengue have
moved into some temperate climates and
higher altitudes, infecting people who lack
immunity to these diseases, said Paul
Epstein, specialist in tropical public health
at Harvard University. Other major diseases
likely to spread with global warming are
cholera, filariasis, and sleeping sickness.
Deforestation and urbanization in some
developing countries contribute to this dan-
gerous mix. As tropical forests are cut down
for timber and agriculture, people are more
likely to come into contact with previously
remote disease carriers. Meanwhile, growing
numbers of poor in developing nations are
leaving rural areas for burgeoning, unsanitary
cities, which are "veritable incubators for dis-
ease," saidJ. BrianAtwood, administrator for
the U.S. Agency for International
Development. The recent outbreak of the
Ebola virus in Africa is an example of the
movement ofa very rare disease from a rural
area into acity, where itcouldspread rapidly.
To address these issues, health profes-
sionals in the field must be better trained to
monitor and report emerging diseases.
"Local health-care workers need training to
increase their sensitivity to new health prob-
lems, and they need to know who to tell
about the problems," said William Bancroft,
director of the Military Infectious Disease
Research Program at the Army Medical
Research and Materiel Command. A global
network for disease surveillance exists infor-
mally, but it must be strengthed, with
improved links to health professionals.
"Health-care workers need to know how to
get into the surveillance system so they can
get a response," Bancroft added.
Vulnerable populations, including chil-
dren, elderly people, and those in transi-
tional areas where disease epidemics could
spread, should be targets of an improved
global surveillance system. Vulnerable peo-
ple must be better educated about growing
health risks, with access to vaccines and
information about their exposure.
The United States has taken an interna-
tional leadership role in disease surveillance,
control, and research, a role that should be
continued, said conference participants.
"We're going to lead the situation," said
Bancroft. "No other nation can do what
we're suggesting ought to be done." But the
nation's current funding for research on
infectious diseases, other than AIDS and
tuberculosis, is limited. Now the United
States must better support the work ofepi-
demiologists, laboratory scientists, ento-
mologists, behavioral scientists, public
health experts, and others so they can find
new solutions for emerging disease threats,
according to conference speakers. Con-
ference participants also agreed that more
bridges should be built between environ-
mental science and the public health com-
munities. In particular, physicians and other
health professionals need improved environ-
mental science education.
Finally, pilot research projects should
study El Nifio as a possible signal that we are
entering a new climate pattern. "We should
look at El Niflo as an analogy for climate
change," Epstein said. "El Nifio, as a warm-
ing event in the ocean and atmosphere, gives
us an idea of what future warming events
might be like. [The current] El Nifio has
persisted for five years in a row, yet no El
Nifio has persisted for more than three years.
So studying El Niflo can help us understand
the trends and variability ofclimate, and the
effects that climate changes can have on dis-
ease carriers such as mosquitoes.
WHAT'S NEWS TO YOU?
Environmental Health Perspectives wel-
comes topic suggestions for upcoming
"Environews" articles. Send suggestions
to: News Editor, Environmental Health
Perspectives, National Institutes of
Environmental Health Sciences, PO Box
12233, 111 Alexander Drive, Research
Triangle Park, NC 27709 USA. Fax:
(919) 541-0273 or E-mail: Thigpen_K@
niehs. nih.gov.
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